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itether development of ISie ^e objective was to materially 

increase the perfonnano© of the details of this 
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prdex were not known .| | Upon the arrival of the group in 

the Soviet Union, the Miniatry of Armaments is sued a elmilar 
order for the further develooment oi’ the 
/ I [ the 

order established only general requirementSo The basic re- 
q^iUiremejat dalied for a range of approximately 700 kilometers 
while ^delivering a J^OOQ-^kilogram explosive with possibly improved 
accuracy of fire* 

2* This order establianed the R-IQ project [ ~ 

The E-10 might be 

I to which the Germans ;?ere 

assigned for a ;pariod ranging from the fall of 194 ^ io iho 
spring of 1949 " Those involved In the work repre sented a 


3. First of ally only a lew technicians from the original and 

principal miscile development, site in Peenamuende were repre-' 
wented* The few that were present had not held positions in 
Peenemuende which would permit them a deeper insight into the 
overall program.. The Peenemue-nde specialists could offer littl.e 
experlenc.^-a which might serve to give direction to the develop-* 
flMSht ' work. 

4«. . w&U oompoiaad of the 

i/ho !fcmd had military experience in the actual" ; ■ 

Th« . techuiaal training of members of this 
incomplete. Though they may have had firing 
eMerienoe^ ■developmehi’’ p iriardly be expected from 

5* A gr.oU]p cf mtMmati clans worklrig in the ballistic department 
'under’ '’'t he ' (li r e o t i on of .• W ( f ormer ly c hi e f ba 1 1 i s t i c 
expert at KRTJPP) was thoroughly equipped to solve basic questions 
And engage in development work« Particularly, WOhbi: ho deputy^ 

Vilerner MUELLEB, j possessed the ability to comprehend the prac- 
tical developxaeht stages, as well as the ability to solve these 
problem.© ma. thematically# 

ae.rDdynaiu.les f - especially in the supersonic field, 
were, dealt with primarily, by Dr# ALBRIBG-, chief of the aero- 
• dynamic /.department. Tast knowledge in aerodynamics, an opti- 
outlook, and a creative talent permitted ALBRIBG to make 
many- oontx^lbutlons In the development work# 

7-* department led by Dr# UMPPEMAGH worked on 

bile propulsion unit# This department had several good scien- 
■tiwtB capable of solving theoretical questions# Creative tal- * 
eh'ts, however, could hardly be found, in this section# 

'd« The controls were in the hands of Dr# HOCH, a competent and even 
creative professional, though he was of unreliable character 
and was an info’^mant# 

9* Eadio was priparlly i n the hands of the creatively talented 

practician PEIUESCHAT | amd the theoretician Dr# MOLLWO. 25X1 
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10. She design and stress department was eesentially composed of 
d<iifel*opBient men frorn the former AHAPO Airplane Plant, xhes® 
' aen-wefe thoroughly capable of carrying out new derelopment 
work'. &o design work was performed under the leadership of 
Dipl. Dig. BLA3S and his deputy, Ing. AHDEES. 


11. The str ess aeotion, under D ipl. Ing. and Dipl. Mhth. Rudolf 

MUELLER I reaponei'b le for all quegtione ox 

etructural design axicL otrsae axial, ysiBe 


12. As can be aeon from the above, it was hardly poaeible to base 
the development work on the A-4 ezporionoes of the Peenemuende 
representatives e Scientists and engineers ooming from the 
most diverse fields had to give the impetus for the develop- 
ment work*. Development carried put with this type of human 
material was a risky venture and doubly so ainoe experimentation 
was non-existent* 


13, During the course of development, many channels ana possibilities 
Were explored theoratically and name roue draft reports were 
edimitteds ‘fhe final produot of^ the R-IG projecta was a. volumin- 
ous report containing the complete doaign of the misalle. 

This report was t^j^rned over to the Soviets but final disposition 
was unknown. The entire proJect,wae a "paper project" with no . 
parts being constructed at Goroddmlya Island. Whether or not ^ 
the R-10 missile was oonetruoted ^y the Soviets wa» mste^ oiS- 
covered by the Crermana. 


PUHDAMENTAL COHCEPTS UMERLYIlgG THE DEVELOPME OT OF TE|!i__Srl.Q^ 

14. The drawinge of the A-4 (V-2 1 wore available to serve aa baelo 

data for the German group. I ^ ^ . . . 

oaloulatlone which could have given more detailed insight into 
the interrelations of the A-4j were completely mieeing. Ottly 
those calculations which had been newly compiled in German^ 
during 1946 and again in the early days in the Sovie t Union 
were available. How incomplete and unreliable the newly com- 
piled calculations were is readily conceived when one recalls 
the few and loose directions which were given to the German 


specialists o 

15* The given requirements were to be achieved under no oiroumatanoes 
by simply making minor changes in the A-4® Consequently , a 
systematic new development on a tothematical-phyeioal-teohnloal 
basis became iiecessary. Experiments were not possible, except 
on a very modeat scope and pximarAiy only in the fields of 
controls and radio® All reference points used during the; ds^ga 
stage were obtained from the oaloulatlons performed during the 
theoretical phase- 


16. The enauijig development work took the form of very ® * 

ordination between the various departments. This^ coordination 
took various forms. Thus, for edcample,, it; took the ^ 

oonferenoes between the various department ’chief®, _tuider the 
ohairmanehip of the chief designing engineer, and _ to-^whioh 
principal exports were invited. At other times, it took ths 
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b etwee or several department 

^hiWf experts • ' 

17 . ThB ballistic calculations showed clearly that two factors were 
' OCf S^reat irp^ortance in. reference to t he misaile’s range: 

a« specific thrust in fcfe thrust per kg fuel per second. 

b* Thi© relationship of the launching weight to the weight at 
propel Xaht“‘- out *of f • 

18i for. this missile th©J?ei be little chance of improv- 

dragr^fcsp; the factor moved into the 

iaokg^ow^ i A regard tp th^e tW] 0 ,,afprei»entloned factors. 

19* 48i£#3:va§ ppi 5 ^tiiia) was concerned, an increase of the specific 

t^ruet-codia be different reaction materials 

(fuej«),t.:rihcre§^ed Jpem^ and/or more efficient 

eombustion.! ihe abaenQO of any experimental possibilities 
seemed to mak©>>'a a tudy.^ along .these lines either impossible or 
td!.<j^^.^darlng«. Therefpre, a material improvement of the specif io 
thrust for the development of the A-4 had to be dismissed at 
that time. 

20. ^hcroasing the ratio of the launching weight to the weight 
h^"'|ropellaut-cut-off could b® achieved by: 

ii Improving the air frame (oell structure design). 

h;- absolute launching weight while using the 

same combustion chamber, ^i^hat is, by means of decreasing 
i the relationship of rocket thrust to launching weight. 

; C.- Carrying out thorough weight economies in all other parts 

' of the missile, particularly in equipment, control mechanisms, 

and auxiliary drives of the combustion chamber. 

d. ii|iprc^vlng the arrangement pf the mixture ratioj that is, by 
decreaBing the residual fuel in the containers, fuel lines, 
and tb® combustion chamber. 

6. Providing for at^ystwm in which the warhead could be separated 
■ frdsct^^the airfitfaice^' 

f, Providing for a multiple-stage construction of the missile. 

31 * Vhs foUowing discussion, represents Biy recollections of the 
process and.the probljems involved in the handlihg of 
the above six steps as ^ssociatecL with the R-10. 

22. In order to execute th^ required 'stress analysis on the A-4f 

It was ned'essary^to-make 8 load assumptions (lastenan- 

fiah»i0n|. it was neoessary- to find for every structural part 
^ or at least the ideal stress which would affect that 

part most unfavorably. Such load assumptions were readily made 
using the available data resulting from weight measurements, 
calculations of the ballistid path, the aerodynamic calculations, 
the dontrol force calculdtioha,' the rocket thrust, etc. Prom 
these "load assumptions" and the resulting stress analysis for 
the A-4, a series of reference points for the airframe structure 
were obtained. It was revealed that the transverse load and the 
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reaulting bending atress, two faotora which are of pri«ry 
importance in airplane design, were ralativeljr unimportant 
to the missile. It was found that deoisiYa for the rocHet 
were primarily stresses arising from the longitudinal forces and 
the surface pressures resulting from the air flow. Although 
bending moments ware present, tJjey were considered of secondary 
importance in the structure o 


23 . In the course of the development it was shown more ®ore that 

thermic stresses entered into the problem. T^ese would arise 
from the very low temperature of the lipid Qisygen (approximately 
WLSJ^C) and also from the possibly very high surface temperatures 
which would develop from the friction of air surface 

at very great spoedso 


24« When the structure of the was regarded from these points of 
view, many things appeared illogical. Foremost, the greatest 
section of the missile, the central section, was apparently 
desighed incorrQctly<^_^ claipify this point a short disserta- 
tion was presented on the already well-known structure 

of the A-4. I’wo welded light metal containers (the front one 
for the reception of the alcohdl, and the rear one for the re- 
ception of the liquid oxygen) which for technical reasons were 
placed under a certain amount of* pressure, were attached at a 
few points to the outer shell* Between the containers and the 
outer shell was a thermal insulation composed of glass wool. 

All longitudinal stresses, bending moments, and pressures acting 
on the outer shell had to be absorbed by the shell structure. 

Ihe outer shell, made completely of steel, was reinforced by 
means of a stringer and former network. The many connecting 
points at the missile head and at the tail, as well as the many 
flaps, pointed to a very inferior stage of development in the 
structure. These circiimBtances gave rise to the inference that 
many imperfections were to be found in the remaining basic struo< 
tural designs. 


25* This two-case structural design was bound to be not only expensive 
to constrxict but also added a great deal of weight. It further 
resulted in a diminution of the tanks* contents because of the 
inevitable reduction in dimensions. 


26. Because of the above shortcomings, a single shell structure was 
considered and found to have many advantages over the old A-4 
structure. The following consideration led to this conclusion. 
For technical reasons the tanks must be constantly subjected to 
a- certain pressure. This is particularly important in regard to 
the liquid oxygen, as the latter is very close to the boiling 
point and since the boiling point is raised as a result of an 
increased pressure. A boiling liquid is difficult to convey 

in exact quantities and causes a great cavitation danger for the 
pumps. 

27. A circular container under continuous pressure produces ten- 
sile stresses on the container walls which are two times as 
great in the circular direction as in the longitudinal direction. 
However, the tensile stress is that stress which will support 

the greatest values in a thin-walled structure. Such a structuraX 
design results in the lowest expenditure of material and, con- 
sequently, the least weight as well* 
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28- To "be considered then was the relationship existing between 

such a structus'e which would produce pressure from within and yet 
must absorb outer forces^ that is, the longitudinal forces, e 
bending moments, and the outer pressures upon the surface- 
The pressure and longitudinal forces acting on the missile 
must decrease the tension and longitudinal forces p^roduced from 
within the tanks. Should these comphessive and longitudinal 
forces become greater than the tensile forces and longitudinal 
forces, a compressive force would result which up to a certain 
point (that is, the buckling forces Of the cylindrical shell) 
could be absorbed. 

29- The bending moments of the missile would produce tensile 
compressive stresses. The tensile stresses would increase e 
already existing tensile strength coming from the internal 
pressure. This was found to be permissible without increasing 
the wall thickness since the longitudinal tensile stresses aris- 
ing from the inner pressure would be only one -half as great as 
the circular tensile stresses. Concerning the compressive 
stress and bending stresses nothing more need be said, since 
the same considerations apply that were discussed above in 
regard to the comprejssive and longitudinal forces. 

30. Another problem considered was the result of the forces because of 
the flow of air over the missile. The flow of air would produce 
pressures positive or negative depending on the position along 
the longittxdinal axiSo When the angle of incidence is zero 
degrees, the forces would be equally distributed around the 
circumference and either added to or subtracted from the In- 
ternal pressure. The magnitude of these forces are small com- 
pared to the inteTTial forces and thus have little effect. In 

the case of the A-4, the surface forces on the outer skin were 
not absorbed by the largel* lirteimal pressures and thus were of 
such .magjuitude as to cause skin deformation and additional stress 
in the spars. 

31. Should the missile be flown at an angle of incidence, a some- 
what sine-B?Gaped pressure distribution aroxmd the cross-section 
of the rocket woixld result. Since these pressures are, however, 
always small in relation to the internal pressure, a minute 
deviation from the round form that might result would lead to a 
hew state of equilibrium resulting from the internal pressure. 
During the course of construction or during ground handling, 
internal pressure would not be present for stability ^and so 
light ribs werfe provided for in the design- These ribs were 

to be placed at intervals of approximately 800 mm. These 
ribs could, in addition, contribute greatly to maintaining 
the round form, and thus be more receptive to the air forces, 
which have already heen described. 

32. During the transportation of the missile from the factory in 
the Meilerwagen (specially constructed transport carriage)^ 

on the streeFJ*^as well as during Ihe mounting on the launching 
table, sufficient stability must be provided for the container 
central part, even withput internal pressure. It was found that 
by means of an intelligently placed support for the missile, it 
would be possible to keep the forces and momenta very small 
and that sufficient stability for all practical purposes on the 
ground could be maintained- 
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It WEB found further that, the structural deei^ 
unbraced cylindrical shell had a certain 

dwtng flight evesa without internal preeeure, providing on y 
the a 60 ending part of the flight wae ooneideredo 

Another problem of concern waa the faotora involved due 
al conditions. Since liquid oxygen hae a "^L*' 

there would result at normal outside temie raiure, ^ vosy ^e 
temperature difference between the air and the container wall. 

If, b^ means of an opened valve, the container . 

the container pressure could not rise above the ^l*”"'** 

The total amount of heat absorbed would then be ^ 

evapoTating the oxygeni and the liquid oxygen would remai 
essentially the same temperature* 

Immediately before launching, the oxygen tank must 
under pressure. As a result, the boiling point o vi+*^+« 

oxygen would be raised. Before the oxygen ” 

the boiling point it is neoessary to supply suflloisnt heat 
to the entLe liquid and only then would 

added heat be used for the vaporization. ( 1 ^ the heat supply 
bn the walls is very intense, the boiling temperature will be 
reached at the walls while the liquid within the interior of 
the- container hardly changes, resulting, therefore, in local 
vaporization along the container walls.) D^ing the ascending 
part of the flight, heat is naturally aupplied, 

1 ) greater flow speeds, 2 ) the increasing 

since a great increase of the boundary layor^tompex;iit«r* ap? 
pears at high speeds (proportipnat'ely with the. s^inar-eftOl ;th* 
speed). When the main speed acceleration occurs at 
heights, the transmitted heat qiaantities are, however, minute 
since the air density enters proportionately into the 
mitted heat quantities. These heat transfer .. 

were taken into consideration baaed on the possible R -10 W- 
menslons. They were calculated by excellent heat speolallsts 
for later development purposes. The temperature rises of ths 
llauid oxygen, as well as the local vaporization along the walls, 
remained within absolutely tolerable limits throughout ths 
rscuired time. Aa the oxygen container already would be SUD- 
jeoted to pressure by means of gaseous oxygen, it remains Im- 
portant only from the standpoint of the gas-produoii^ un,lt to 
determine how much gaseous oxygen would he formed * 1 ®“* . 

container's walls and how much in ths gas-produoing unit Itself. 

Soma deliberations were made on matters 

of the frost layer whioh oould settle for a time while y 

tanked missile would be standing and the layM 
oould settle during rainy weather. 

as well as the additional weight, were found to bo * 

It was felt that all this would soon melt in the course of the 
asoent bloause of the oonslderable boundary layer temperature 
d 6 V«iop 6 d* 

37. All calculations pointed to the' fast that no j. 

for liquid oxygon. 


3 ^. 
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38 • In thm oase of the alcohol container t clrcniistances wore 

more advantageous since the alcohol would be at approximawly 
BQ^l tsapwatura, and thus tha foBnation of frost or io* 

eoapietely out of the qnestion. Further, since there wonld 
be a inch greater difference between the ncntal tenperatnre and 
the boiling temperatnre as in the oase of the liquid oxygen, 
there wotad not exist 8«y cavitation danger for the fuel pua(ps. 

39, In order to lose as little space as possible for fuel in such a 
Qii^«»Qontalnsr stxuoturoj th© two containers wore separated onl^ 
by a partition with o;xygen in the lover portion of the container 
and alcohol in the upper# Since th© two liguids would ^ 

temperature difference of approximately 200 centigrade » there 
would occur as a result heat- conduction along the walls and 
alsOf as a result of radiation, a certain interchange of 
between the two liquids in the vicinity of the partition. This, 
however, would be practically ooj^ined to the pre-launching 
waiting period of the fully tanked missile. Since the liquid 
oxygen would not come in contact with the partition, the layer 
of gaseous oxygen in the condition of equilibrium, which would 
rest orer the liquid oxygen, would foxm a good insulator* ®he 
alcohol immediately above this layer and along the' partition 
would be in a state of equilibrium during this period as well 
as during the cooling process* hue to th© fact that the pure ^ 
heat condition of the liquids is very low, there would occur 
locally, nevertheless, a noticeable cooling of the alcohol* 

The danger of a local f reeving of the alcohol, however, would 
not exist* Consequently, in the oourse of the later 
ment work the originally planned insulation of the partition 
was dispensed with. 

40* Of Importance and worthy of mention is the selection proeddure 

of material need in the central pert (containers) of tha missile* 
The oontaiUere must be impermeable to gas and liquids* Therefore , 
and in view of the thin wall dlmeneion, a rivet oonstruotlon 
waa immediately dismissed as ia^raoticable and a welded oon- 
etruotion was chosen* • 

41* Meet construction steels become very brittle at low temperatws 
(-183®C), that Is, they have a very low notch-impact strength* 
Therefore, steel was at least momentarily dlemissed* If made of 
ateel, the wall thickness would hsve only 1/3 the wall tWek- 
ae8e of a light metal (alloy) of equal weight* This wo^d 
reeult in a very thin wall dimension for the outer shell, whiom 
would have a great surfaoe sensitivity and a lower buekling 
strength* 


4a. At that tlm. th. light alloy iHT 5 

aa havlag wto.ll.at voiding oharaotariatioa and at tto^aa*. tia* 
as halng «isily proonrabl*. A major disadvantag. of this- ^Uoy 
vss its low tonsil, strongth and :i^tio'alar^ its 
limit of asoxoximatoly 8 kg/mm*. ?op oortain oonnootiag P^ts, 
Sttoh as th. front and roar ooxuaooting ribs, a aimilar light 
alloy was wsod. Th. low tonsil, strongth valnos of tho satorlals 
1*4 to roiativoly largo dimonslona. lovortholosa, thoro ro- 
snltod a oonsidonri)!. voiiht saving. 
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43* From the selected form of the missile the same 

contours as the A-'4) and from the ballietia p^th# considerably 
high surface temperatures, particularly in the forward container- 
could 1)0 calculated. | | tempeiaturee of auproxl- * 

mately 540 G in the 2.55 ma outer ehsli vrere obtained throuaii 
oaloulatians. naturally, at such temperatures the alloy's ten- 
sile strength decreased oongiderably, 

44* Heference must be made to another mattar in line with this 
development. Ju the A-4, there were distributed over the 
miselle's entire body many flaps aijd sooess panels. Several of 
the old "Peenamuende" sposlalists thought that these parts 
had frequently been the cause of mishaps. The design of those 
parts would males this theory very plausible. Therefore, during 
the new development, care was taken to eliminate these parts 
entirely or at any rate to restrict tha number as much as pos- 
sible. I’huB, there whf not a single outside opening flap on 
the entire centra l seotioa of the missile. In the warhead, 

[ one or two flaps were placed with a great 
deal of extra attentisii hslpg given to their safe design. The 
oonneotiag points between the warhead aaid the central section, 
as well as the oohneC+-i»S points betweon the tail and the 
central eaotion of the mlseiiSj were so designed as to make 
uanocesaary additional cover plates. 4 Further particulars con- ' 
oerning the design are given in a later section^ 

45 . Tli« old A-4 construction viras obaracterized by its shell con- 
struotioii, which was made of steel sheets with tight rib and 
stringer paneling^ ‘-^’h© stringers were continuous, thus cutting 
through the ribs and as a result weakening the latter. These 
ribs were gre,atly strained as they had to transmit the bending 
moments from the tail controls. Because of the shell design, 
many connections were provided for the connection of the trunk 
to the central section of the missile. This type of connection 
must be x’egardf5d as statically too intricate and too diffi- ' 
cult for construction. Conspicuously difficult and intricate 
was the final rib of. the tail cone, a piece of light cast metal. 
The tail controls also were made of steel and had the important 
structural task of transmitting all the forces of the fully 
tanked missile while rested, prior to launching, on the so-called 
“launching table 

46 * In order to econouiiz© on weighty to make the design less complex 
and clearer, basically different force paths had to b© considered 
for the R-lOw The greatest forces for the rear section came 
from the fin and rudder with their airloads and the longitudinal 
fofoes derived from the mounting of the missile on the launching 
tabl§* It appeared, therefore, advantageous not to conduct 
these longitudiml forces into the tail section shell and then to 
the central section of the missile by way of the many oonneot- 
ing points* The simplest way was to conduct these forces 
directly from the fins to the central section of the missile 
at these four points* Should the fins not reach the central 
sections connection, then the forces would pass over the im- 
mediate continuation of the four connecting points, the out- 
riggings, longitudinal forces and bending moments from the 
tail section con© would then also be carried by the out-riggings# 
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FrOB theee considerations arosultod a simple 4-point 
of tKo tail id tliie-c«ntr«a, section of the missile. Farther 
hi? Jintirlggtags^for the tall were no 
f^-ri’bs were nni »nd not weakened, hy stringers 

thalr^otct through them. 

17. The end rib in the tail was designed as a simple U-shaped ri^ 

It eerwed at the same time as sapper t *®f. ^ 

that no great strain wonld he placed on * 

rsshlt of transverse loads acting through **‘® 

- 8i^ ihe forces from the 1!" a 

gsnsraily to the air leads of the tall unit, the result 
feres aquilihrinm and an easier arrangement. 

49. Ihe Jet fins and their hearings and the 

fltorad in a welded eteel ho 3 C, which was mounted to the stxoiig 
SrSh Jnit spir. Thresh this a -i-ipl., 

firm, wid neat grouping for these parts was achieved. 

19. a!he original aerodynamio thinking mas that suction .® WiiTO 
' hMSSure would act on the outer akin of the . 

f M a good seal oould he m a i n tai n ed hetween the nossle an 

tk. t.11 4>utiM iiiltl.1 tirlne .ii4.r 

The material was an alloy similar to dural . The 

tte outer covering in the tail S?nc? 

^e strength would decrease rapidly. sfiaSsl cn^nhe 

4 i>kA n&iax^i&l eeleotlont einoe the highest demmnde on 

nrouellant out-off, the streea demands on ^e tail section 
the tall unit oovering* 

ai wafAiie the development of the warhead is discussed, • 

.Si i.tivSJd STfisi, ttiS ifi 4«”- 

5S5S.:riSiS 
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in thlB sectlon^7 louring the deveXopment there vere no explosive 
experts availahle to lead this project * 

52 • Since an increiise in the explosive had heen demanded, a eonsidera** 
ble weight increase of the waS*head would have resulted in re*^ 
taining the thioh steel shell. Since the weight of a missile is 
the most critical factor in respect fo ranges, a reduction of 
the structure Weight had to be attempted. 

53, A considerable increase in range demands greater velocity (range 
approxiirtately proportional to the square of the spe€.^d) andy 
therefore, results in an increase in heating. Retaii’iing the 
\^11 dimensions of the A -4 would have probably resulted in a 
dangerous heating of the explosives. Consequently ne\V considera- 
t ion B were involved , 

5 ^, The first question was, ”Is the thick steel wall necessary for 
up reasons or not?" The Soviets and also the Germans an- 
swered, "IJd". Ignition should take plade at a certain d^lstance 
'-above the ground. Consequently, a protection of the expl.osives 
at impact by a thick shell was unnecessary. 

55, Before attacking the design problem, something should be said 
about stability. The free flying warhead naturally had to b^’s 
stable, that is, the cente;r of gravity had to be ahead of the 
cehter of pressure. Because the outer form was fixed, stability 
could be achieved in twQ ways- Either the separation point for 
the warhead could be at a ppint far enough to the rear to permit 
the explosive to provide a forward center of gravity, or the 

end of the head as provided with appropriate controls. Con- 
structively the first version was preferred, whereby a piece of 
the missile was simply Includted, as a stabilizing shell. 

56, With this in mind, what design could be imagined which would, 
resist the stresses and the high temperatures obtained during 
descent, and also protect the explosive from undue heating? 

TWO different designs were undertaken. The first was to select 
a material which could hot resist the temperatures for long and 
was slowly destr-oyed, for example, burned out. The destruction 
could not proceed too fast and the material would have to have 
the smallest possible heat transfer coefficient, so that the 
heat would reach the still undama.ged material as slowly as 
possible. Through a low heat transfer coefficient, heat pro- 
tection for the explosive could be achieved at the same time# 

The expansion of the covering for the explosive would then 

be negligible and, therefore, the formation of a very undesira- 
ble hollow space between explosive and outer covering was not to 
be feared. 

57, A plywood covering, protected by impregnation against direct 
combustion, appeared to be the right answer. The theoretically 
very difficult question reipalhed, "How much of the plywood 
covering would be destroyed?" The plyvopd covering had to have 
such thickness that the reipaining part had sufficient solidity. 

It was not possible at the time to make actual tests. The only 
experiments were those mSde oh plywood wfth a blowtorch and with 
autogenous welding apparatus*. After bvirnlng with the blow- 
torch ( 1300 ®C) for half and also one minute, the results showed 
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relatively little destruction of the surface^ But with the weld- 

^ I * , - __ -I _ -L ^ iTik o 4* i^rwrckfi 1 X\ A\J 


lag apparatus 

eeoonde 


.tus I I the 10 mm plate destroyed in 20 

seconds o She transferred amount of heat during this time was 
measured hy melting ice blocks, and then compared with the 
theoretically calculated amount. Such primitive experimen 
naturally could not lead to satisfaptory results, hut only servea 
as an indioationc i^ince the aotual boundary layer _ 

turee in descent possibly would be somewhere between the tempera- 
tures produced by the blowtorch and the welding apparatus, 
also the time in q,u.estion was possibly a little longer than 
half a minute, such a construction method seemed possible. 
Obviously clarification by actual tests were necessary. 

50. Therefore, the thickness of the plywood a 

20 mm, and the depth of burning was calculated at 10 mm, leaving a 
10 mm wall thickness for support. A 20 mm P^^wood cover g 
had the same weight, approximately, as a 2 mm steel 
Since little heat could penetrate inside, the cover wo » 
expand and would fit the explosive. Consepently, the cover 
would be braced by the explosive and there would Be iw 
d^ger of breakage because of the pressure on the outer covering 
nor from longitudinal ijrossureec 

59. In the rear, the freely protiniding part of the 
would be subjeotad to longitudinal pressure forces 
outer pressure. The protr^^ding plywood shall was 

by means of a wooden rib. The outer casing of the w^^Bead 
was mounted on a small ledge of the 
■ missile. There ware no further attachments. The ^ 

two parts wtis effected solely by means of a spring tension 
along the canter axis of the missile, for 

rear sealing i3a.nel in the warhead and also the ^^^[ne 

of the central section of the missile were given ^ * 

Suoh a shape {±.b. for the favorable for the 

reception of centrally introdiioed longitudinal force. 

60. By means of the above described structural design, it was pos- 
sible to lower by a fraction the atruotural weight f ^J® 
sile as compared with that of the A-4. l^’or a second method, 
the Soviet chief engineer KAROAROT demanded the execution of 

a design utiliaing a steal shell as well. 

Ay Aa already mentioned, it was unfeasible to use the methods of 
Ing points were as follows i. To ueie a shell 

steel (fl. 1 T) and dlmensionalize it in order that . 

at the existing temperature oould be absorbed, a sa ® ^ 
in the range of 1.5 was essential. Suoh a strongly heated 

as well as in a longitudinal direction. A 

the explosive then was out of the try. 

ooaetruotion of a second shall lor the exp thin-wallsd 

Sis second shell was to be made ®'^®°t?raJ lv«ly i^roig *on- 

ItiSJuofof'tbfti; sSlls cJartloularly the 

;«aL"IroiasaS'^ SrJJaoesrhor.ver,’'^ to be 

in such a manner as to conduct very heat and to assure constant 
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bitttog in tlie face of iSiie strcBig Kicpansi^ of the outer shell in 
■a <md, a , longitudinal direction,, 


^urfwuxt to the laws of beat traaemiaalon, a 

.'iSiotad whieb at high tamparature would hawa aufficiant atabWitr 
«btl« at tha aania tl»a poaaaai a low tharmal oonduotivlty. Fur- 
thaiip- order to limit tha aurfaca affaotad by tha haat tr^> 
^alwi, highly alloyed aickaX-ataal atuds ware riratad at the 
•WBport pointa* 5Pha interval between tbaaa etude wae approxi** 
a^ly 40 »n. Kh# raaolving linear labgth for beat oonduotion 
of ♦bee* eupport etude, baoauea of etruotural-tacbnioal raaeone, 
wae w^-ortumtaly very low» 


69* from the etrength of the eheet metal for the outer ehell it wae 
‘ poeelble to oaloulate the relation of the temperature at the 
lindlTiduai points add aleo the expaneion in the oiroular •*» 
ImsigltudiaBl direotion. fTbe tranemiseion of all longitudinal 
£neMt between tha inner and the outside ehell would take P'^mo 
S% forward part of the vortex whore the diameter wae small* 
a^!j* 9 naeoting point was thus the referenoe point for the 
llomiM^^dhal expansion, sinoe at this plaoe the reolprooal die- 
' " jjAaoeam^' is - aero • 

6i« ;tfba^ng a oonio ring on the inner casing where a braoe betwoon 
the two shells would be deeired for stability rsasons, the braao 
would then, during every thermal expaneion, msthodloally 
MBpeiet'^ese oonio icings. Ihe oonio ring pitoh had to oorrospena 
■te-tSbo *«tio of the oiroular to the longitudimal expansion 
at «ils point. n. 1^, 

69* JLftofttoer comment is submitted in regard to the heat transmission 
4iitwsea the two shells. ®he heat transmission results throu|di< 

*. beat conduction through the air gap. 

b. haat radiation. 


66* ®hs amount of heat which oan bo transmitted by means of an air 
gap is* of oourss, small. As this gap was opsn at ths rear of 
the warhead, a very minimal air density would be available not 
only at high altitude but at low altitutde ae wall, siMo • 
strong suction head would sxlst behind the rapidly flying warhead. 
Sine# the air density entsrs linsarly into th# traminittsd air 
■mss, the beat oonduotion would remain very smsll. 

6T* ®hs heat transnlssion through radiation is dspsndsnt on the fourth 
power of the absolute surface teiiperaturee and on the surfaoe 
eens^hts of the material used as surfaoe. Sinoe th«* surfaoe 
te«pe»tttros while on the ground would not be material, only a 
■edsratc heat transmlselon would be poesible irrespeotave of 
time. During take-off the surface temperature would Inorease 
markedly, but the available time would be very email. »d- 
dltion, the light metal surface selected for an inner eroell 
had a very low radiation ooefflolent. 


66 . 


•Che total transmitted heat quantity wae used to h«at the Anelde 
shell (that ie, the light metal surface) and in addition av 
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small lajer of the adjoining explosive* Since the^explosive 
turns liquid or at least pasty at approximately JO C, the 
temperature would lie. ve to be kept as far below this point as 
pofiifiible, for the explosive charge entered into the stress 
calculations as a solid body or support for the two shells* 

69# The "stabilisation ring" (Stabilisl emng^ Riug) which extended 
to the stern and passed over the explosive part was reinforced 
by means of a steel i-ib so that it was capable of absorbing the 
outside air pressure* As this interior rib would remain much 
colder than the outside shell (skin) considerable thermal 
stresses would be present* The possibility of introducing a 
cold rib into the outside shell, while heated to approximately ‘ 

400^0, in the hope that this pre-stress might improve the 
operating condition, was considered* 

70# The connection of the above-discussed steel warhead with the 
central section of the missile was, in principle, similar to 
the plywood warhead which has already been briefly treated# 

71* The structural design of the steel shell was rather complex 

and the structural vjeight was greater ( ] H approxi- 25X1 

mately JOfi) than that of the plywood warhead. However, the 
weight was much less than that of the A-4- 

72# However, on© point which repeatedly arose towards the end of the 
development work should be mentioned here. Conspicuous in this 
presentation is the fact that in respect to the structural de- 
sign of the A-4 nearly everything was altered, whil^> the ex- 
terior shape of the A~4 remained virtually unchanged. In the 
early periods, since the aerodynamic department had no experi- 
mental opportimities and only very limited literature at its 
disposal, the department was very handicapped. At the time no 
clear opinions prevailed as to the advantages that covuld be 
gained from changes of the exterior form. In addition., the 
whole development staff was at the time not sufficiently famil- 
iar with the new project. Upon completion of the working draw- 
ings and the calculations, it became evident that a simple oonic 
form would be more desii'able. However, because of the svdvanced 
stage of development of the £-10 and the uncertainty concerning 
the new exterior shape, the £-10*8 shape remained that of the 
A-4 except for a minor inorease in the length. 

This oompletes the treatment of the development of the air frame* s 
structural design and the various viewpoints held by the German . 
staff in this connection# 

Ratio of Launching Weight to Rocket Thrust 

74* conneotion with the problem of inorease in absolute 

launching weight that much unoertalnty prevailed# A clear foneu- 
la applicable to this problem oould not be found, ‘-^^he important 
factors in this conneotion were the alteration of the air frame 
weight, which was very much dependent upon the surface tempera- 
tures , and finally the resulting gain in the balllstio range# 

75# The determination of the surface temperatures was not possible 

through an integrable formula but instead required . time-ooneumiiig 
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multiple atage calculations in tabular form. However, to do this, 
the ballistic path dimensions were necessary and these in turn 
presupposed knowledg^e of the design dimensions* The ballistic 
path values, however, could be determined also only by multiple 
Bta^e tubular calculations and this was very time consuming* 

76* On top of all this, there was some uncertainty concerning the 
views on the launching* If the ratio of motor thrust to the 
take-off weight becaiaa increasingly smaller, then the missile 
would have increasingly slower acceleration* This could cause 
difficulties when lifting the missile off the launching plat- 
form, if the motor thrust were not activated sufficiently rapidly 
and at its full magnitude* Furthermore, greater difficulties 
could be expected in windy, squally weather. Because of these 
numerous unoertaintios, it was deemed inadvisable at the time 
to go far below two in regard to the ratio of motor thrust to 
launching weight* | ^tha ratio for the R-‘10 was 

somewhere around 1* Yb* 

77* Using the design of the central section as described above, it 
was possible to stow more fuel in the central section of the 
missile while using the same length and diameter as the 
In additioiij: it was possible to increase the fuel vol\ime further 
by lengthexiing the fuel container further without materially 
increasing the weight of the missile* 

7&. Without at first basically clarifying all the questions and 
problems outlined and thus obtaining an optimum ratio, the 
work proceeded as follows? The fuel quantity was simply in- 
creased to the point where the demanded range could be obtained 
with sufficient fuel reserve. T^is theoretical reserve was 
deemed necessary because of the many uncertainties and imponder- 
ables* 

79* In this oomieGtion, it should ba pointed out that the assumed 
absolute motor thrust also was increased somewhat as compared 
tp the A-4. This increase in thrust was achieved by means of a 
Blight increase in the combustion chamber pressure. Combustion 
tests of this kind with an A- 4 oombustion ohamb er were made in 
Germany* J-^uring these teatS; ! | motor thrusts of 

56-38 meti'ic tons were obtained on test stands without diffi- 
oultles* 


Weight EoonomlQg 


8Q« Hodifioation in the air frame design alone would hardly have 

been sufficient to increase the range had not wei^itht economies 
on many other parts been made also* All motor pai'ts were 
re-examined with respect to their importance and when possible 
subjected to weight economies* 


81« The controls, inclusive of radio, constituted a large part of 
the weight of the A-4* The type and size of the A-4 equipment 
made it necessary to house th«3< equipment in the forward P^'^rt 
“ the missile* This so-oall.i.d »^missile-raok« (Gaeriv^etetraeger) 
added not only a considerable amount of weight, but also occupied 
a great deal of space which resulted in a loss of fuej. 
space* Added to this was the lack of safety resulting from the 
required access panel^for the connecting points could easily 
be the cause of ”air dispersers" ( Luf t z er 1 eger ) * 
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82* On the basis of many theoretical studies, as well as model path 
studies (Bahn/modellimtersuqhungen) , a new radar process was 
dayel^ped St . based solely on the gyrosQope . (Kreieel) and radio* 
Iriportant for the missile * a aoduraoy is the ^xaot control in 
relation to s;^e 0 d and exaot . poeltionine: in space as regards to 
the ascending part of the flight path up to the moment of propel- 
' lent cut-off* Theoretically, the new utiit was to diminsh con- 
siderably the possibility of target deviation* Also, it was no 
longer necessary to put these units in a particular spaoei 
instead, they could be added to the tail as a supplement* The 
gain in respect to weight eoonoiiQr was thus doubly great* 

05* la each of the four tail units of the A-4 ^3,s an external control 
vane* Two of these were dispensed with, as they were found super- 
fluous according to the views of the controls section* 

64» A saving in weight was also accomplished in the propulsion unit* 

In the A«4f the turbine was driven by means of supertheu'^^d 

steam which was generated by the so-^oalled and 

As is well-known, the turbine drove the two centrifugal PUIop8 

; needed for the production of the injection.pressure fop tiie 

alcohol and the liquid oxygen* These fuels' were stored in Con- 
tainers which had to be very heavy to withstand the steam pressure* 
TjijjB generation of pressure in the containers was started by 
means of compressed air which was stored in high pressure oyl- 
Inders, which were also by no' means light* 

In the E-10, a new development was provided which took the gai 
necessary for the actuation of the turbine directly from the. 
motor* ^fhis gas, which was far too hot, was pooled sufficiently 
by an alcohol injection in order to prevent damage to the turtine 
blades- 8uoh an installation had a fuel consumption of apprpxi- 
mately the same magnitude as the *’T** and fuel used in the 
A-4* However, the weight of the parts in the modified design 
was much less* Attempts at gas extraction for the propulsion 
of the turbine were made just prior to my departure from the 
SoViet Union and were found to be feasible* The gas extraotlon 
method saved not only weight, but also space in the 'tdil, which 
in turn resulted in weight savings in the tail and thrust fr^ 
by shortening the frame correspondingly* Compressed-air waA“ 
still necessary for the starting of the turbine since the gas 
extraction would be possible only with the motor ignited* 

86* It would be of little use to ©oonomise on the weight of the - 

missile, t?he propulsion unit, and other mechanism s if oonaidera- 
ble quantitites of residual fuels would retoain in the tanks, 
fuel lineS;, etc* The residual fuel quantities enter the balk . 
lietlo calculations just as cidvoreely as the structura.i: weights 
and servic;® loads. A minor evlteration of the aloohol and oxygen 
mixture i^s of little ooneequenoe to the thrust* It is highly 
undesirable to have a residue of one fuel while the other has 
been completely exhausted* This residual fuel oah' no; longer 
be need In combustion and only raises the weight of the missile* 

'i ’ , ■ ‘ ^ , 

07* Consequently, efforts were made to determine As"- UjoOnraAeiy';? as ^ 
possible the optimum mixture ratio* A epeoidl auxiliary 
unit, which from time to time would measure the liquid qdatttMies 
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and then autQxaatically regulate the mixture ratio anew^ would 
be most complex in design and also raise the weight additionally* 
The various members of the staff could not agree on such a 
regulator unit for the R-10 and instead settled for a calibrated 
diaphragm (Geeichte Blenden) which was to be mounted in the fuel 
lines* ^h-us, the solution, as regards the R-10, called for re- 
fined filling measurement of the two fuels coupled with the 
calibrated diaphragms which were to assure accurate fuel trane-* 
mission* 

88* In addition, by shortening all fuel lines, as well as by skill** 

fully placiiig the quick acting fuel cut-off gate valve (Brennstoff* 
sohnellschlussventil) , the fuel i n the lines could be kept as 
near to the minimum as possible* | | the overfall 

residual fuel quantity that entered into the calculations was 
of the order of 200 kg, ' 

Warhead Separation 

89* In the A-4 there was no separation in flight between the war^ 
head and the remainder of the missile* ^he whole missile thus 
not only had to withstand the strain of the ascending part' 
of the flight, but. also the much greater strain encountered 
dTxring the descending part of the flight* 

90* The well-known difficulties of pressure head and boundaipy layer 
temperature rise during descent, somersaulting^ added weight,' 
disintegration, etc*, associated with the A-4 flight path became 
greater with the required increase of performance of the ‘ 

The separation of the relatively small warhead from the body of 
the R-10 missile became mandatory since no other reasonable 
technical design appeared possible to cope with the above, pr obi em»* 

91* The plans called for separation of “the warhead inmediately after 
the propellant cut-off of the missile. The separation o.ould be 
aocomplished in various ways* It was possible to utilise, for 
example, the existing difference in air resistance between the 
warhead and the remainder of the missile* Or it was possible 
to use a slightly pre-oompressed spring. In both cases, an . 
additional mounting between the warhead’ and the remainder of 
the missile would not be neoessary, as the warhead would be 
pressed on the missile while on the launching platform and held 
firm on the missile during the Aoceleratlon* The basic design 
. of the warhead has been disoussed previously* 

Besign 

92. With the possible structural^ modlfioation, weight eoonomiesi 
and separation procedure, it appeared that the. range and load 
requirements of the E-10 could be met and so the possibility 
of a multi-stage design with its many design difficulties was 
found to be an unnecessary method of solution of the basio R-10 
problem* Even if it had been neoessary to resort to. suoh a 
design, many of the problems would have been insurmountable 
for, the aero and thermodynamics departments because of the 
working handicaps under whioh they were placed* 
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MUSICAL CHARAC Afe LAYOPg 

93* ^9 Informtlom tliie section deals with the physical 

characteristics and -layotLt of the B-10 and its components* 

With the exception ha external dimensions of the A-At 

all data are my memory and are» therefore, only 

approximateo I ’’ 


•25X1 


lasio j)ata 

94 


Page 31 sh 0 W£? a general layout of the E-10 missile, showing 
the basic exterml dime^^ 7he following data deal with 
the weights, oapaoiltjrj and hasic performance: 

a* Weight Allocation of the Smpt^ Missile 



Warhead 

(Wood) 

Warhead 

(Steel) 

Warhead 

I.X30 kg 

1,240kg 
(approx* 990 
kg* exploAiwe) 

Central SectioA' • . •; '(T 

430 kg 

430 kg 

Tail w/Assemhly fe.'iiS^'del Bidders 

480 kg 

4B0 kg 

Propulsion' Bait 

700 kg 

, 700 kg 

Controls 

X20jEfi 

120 kg 

Weight empty. ' 

2.860 leg 

2,970 kg 


Fuels 


A - 
B - 

A - 
B •“ 


Liquid 
Alcohol' 
70 s6 »: 

Puel 
S'u«X 


- '1.13 

ap. gr. - 0.8!;i (approxlnattl; 

8»030 4o»5 
6 i 540 kg 7t350 dem^ 


o< 


▲ & B S'ual . 13|600 kg 13>380 dou' 

fuel Con«i]iiip|.i|iit<!:^r ^Stdbad' 

'(- 86.8 + 1 * 


B' - yxM% 

A & B .fu«i 


d. 


+ 1* «. 87»8 k£f " 58*l?i 
+ i**- 63.2 k g - 

. ?blWn^'^fW*T4'ating th« '^ontaiatr' . ' 
Additi«i'^f;|'|^|^^^i'6P-'f«r‘^b‘6ollaff 'th*' HtodsMYjr 
fo» ■ 

Kotor 9!hrttai (^il}&‘dt Jdt kuddtr Lot* ) 

fhrttot m AppX'bxliiiktoiiy 32 1 000 ± 2^000 kg 

Ibo plus or aiaKbv^iiQOO. v&b orlgdnall 7 intondod to 

bo roguXatod -:f 02‘\'!pAtb:U’b^bpkoi';«' Hovovo^t tho rogdXitlpa f %■ 
found to be too dlfflddXt «a^ out-pff wee oontroXXed 
aooordlng to the tbiiruii output. tChe epeotflo thruit saounts 
to ApproxlBateXjr 220 kg/eeo- per kg fuel. 
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d» Euel 

At propellant Qut-off the following approxlnate ^uantitieg 


would remain in the miesiles 

A - Fuel residue? in gaseous state in A-oontalner 

approximate 80 

. B - Fuel residu^'l In gaseous state in B-oontain«r 

approximately T ^ 

A + B Eesidue; in liquid state in oontainsr kg 

A 1 * B Fuel Eeaidue? in liquid state in fuel lines 110 k g 

^otal Eesidue Fuel 280 kg 

f. Coffihustion^leriod 


From the above idata the maximum time of comhustion would bei 

t ^ approx, 15.600 - 260 • approx. 101 seo* 

151 / . 

g* Launching Weight 

From the empty weights and the fuel weight the latmphing 

weight becomest ^ ‘ 

a. 2,860 + 15,600 « 18,460 kg (wood warhead model) 
h. 2,970 1 1^600 « 18,570 kg (steel warhead model) 
h. Propellant Cut-Off insights 

From the net weights (empty) and the residual fuel weights, 
the following prppella^^ out- off weights heoomes 

a« 2,860 + 280 « 5,140 , kg (wood warhead model)* 
h. 2,970 260 » 5^250 kg (steel warhead model) 

!• Maximum Bpseds at Propellant Cut-Off 

V » approximately 2,600 m/seo (wood. warhead model) 

V « approximately 2,^10 m/seo (steel warhead model) 

jm Maximum hange . 

e HH approximately 840 km (wood warhead model) 
s approximately 790 km (steel warhead model) 

iSSMiA 

95 « Page 33 shws'^a longitudinal orose seotion of the wooden 

model of %h0 yrf^ll ae several enlarged points. A0« 

cording to the /the apex of the mieeile(2) was to he of 

ateel in, prsfexenoe'' to materials for three reasons t 

a. ^he apexhad tp be'heavy so that the oenter of gravity of the 
warhead ;o0uld; he’ drawn forward. 

h. The meohanioal and thermal e tresses were too great. 

0. The easing of ttie apex would he thin ao as to keep the in» 
terior .spabe as’ as possible. 

96. the meohanism^ to measuxar the dietanoe from the ground and at a 

given height detonate the explosives had to he stored in the apex. 
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A definite space and a weight of approximately 40 kg was set 
aside for this mechanism. The mounting (simply soreving the 
unit to the wooden part) was executed in sudh a manner to pertiit 
heat expansion. 

97* A wall dimension of 10 am for the apex was selected heoause 

of the center of gravity considerations and above all » he oatme 
of heat penetration. The temperatui^e was to be kept low/bedlt^e; 
of the wood connection and the radio control: and meaBurikg 
instruments in the interior of the missile. 

93* The actual outer shell (?) and (4) was to be* wound with veneer strips 
of birch having a thickness of approximately 20 mm. The rib 
(10) in the rear stabilization casing, as well as the reinfotO^#t 
ments for the forward and rear panels were of glued laminated, 
wood. The details A, C, Ib and B on page 33 presant d.‘ ^ ^ 

view of these connections more clearly. As the glued seamn - V 
possess poor tensile qualities they were secured additlOj^Xlj^ 
to the outer shell by means of wooden pegs .distributed: airoutid 
the whole missile and glued. The. wooden pegs are h^t shplirk ■ ^ 
the drawing, nor are two covers which were placed be:twe^n“C 
The outer shell was reinforced at these points by a glue^ . 

so that no weakening could be experienced.. The 6 over a,' 
to the frame, were to be oronstruoted. also 6f 20 am plywood# 

99* The rear partliioh (6) was also of glued veneer 

given a conic shape as a result of a compromise between ak adf 
, vantageoxis fore® transmission (arising out of the exploadydP-: ‘ 
during longitudinal acceleration) ahd the need for simple ' « 

(at least not too complex) construction. * ^ 

100# The forward partition (5) was also given a .Oonid shapey but 

this case the partition was to be of steel, bedahse of :^hw loEtgl* 
tudinal loads derived through the mpuntihg 0^ the Warhead at : 
the ©onneotion ( 12 ). • 

lOl* This connection (12) was to be of a type that could 

mit all forces and bn the other hand oould permit simple .se^^ay’ 
tiott of the two parts, l.e., the warhead f tom; the rePt of;"thf‘V. 
.missile, after propellant out-pff. A central f aetening ‘ 
peared most desirable. A mouuting of the mleeile wlthPU'^..;’ 
bracing would oause unduly high local strain in the mot^tihi|':;' 
ring (11) and also on the central section. Consequently#, 
warhead was to be connected at point (12) to the ointr^ 
and eubjeoted exactly to a calculated tension, was 

done by means of a oup .spring. This opnneotioa wab to be at^.tkV: 
.matioally eeveprwdfsiipytly aftsr the propellant ' out -.'off an4/t)jli,d,v 
spring tens 1 oh' ■ was''- tbl serve' a an aid in : separating , the twC 
parti# ' - ‘ V ■ ; 

102# Because of later findings# the oonneotion vas to be us;e<SL pnly., \ 
d\uring transportation of the missile on the ground. In fliiphlfi, 
however# the central fastening was , to be, discarded and the waark , 
head was simply mo^mted on the ring (ll) on top of the central .. 
•eotlon^ Oaloulatlons= showed that the warhead would not lift 
itself off the missile# even- -though no further fastenings wera,,, . 
used# This was true, even for strong orbss winds, gusts# etc*y 
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•ino# the longitudinal force derived throxi^h acceleration would 
prevent a separation of the two parte* IThe separation of the 
warhead from the missile after the propellant cut-off (that is 
after the disappearance of the longitudinal acceleration) would 
be possible also without using additional devices* Detailsjof 
the fastening .point (12) are no longer sufficiently blear 
to perMt^ 


dfawixig a sketch* 


the exn loaive ( 7) was to be ejected into the casing in a liquid 
state* |hb information regarding the type of explosive 

except that it would turn to liquid at approximately 70 C* and 
that in a solid state the explosive had sufficient density to 
serve as a perfect, support for the outer skin* 


104. Page 35 shows a. longitudinal cross section pf the steel 

model of the Several points of interest are reproduced 

in a larger scale* 

105* apex jCi) vas to be made of steel, ^^he information given 

above regarding the apdx of the wooden model also applies here* ' 
In the area of the explosives (7) a 2-oase structural design 
(3) was necsssarjr. A 'brivf dieoussion ooaosrnin^ tb* d*w*lop> 
••at of this straottiraX d«si|pa aad tb* probleas that partain 
iraa prevloiwljr. 

IM. Zb* studs (l4).,wbiob ar* wsldsd iato tb* outer sb*13^ar* spaeod 
at approximtely 40 am ;|.at*rvals arouad th* oirouaf*r*ae*< 

Zh*s* sttidsy'serY* to p^dp tb* oat*r skia durlag tbe latter'* 
•xpaasl^a tb oiroblAr loagltudiaal dlreotloa* aloag tb* 
w*d**-t7ipb Zb* tight ooaaeetloa of tb* ioaar sbalX 

(12) with tbs outer skin oan b* olcarXjr ssea from OstalX A. 

Zb* XoagitudiiiaX foird** arislas from tb* sxpXosiT** oaa b* 
txaasaitted by this oonneotiag point oT*r tb* Inner •bsXX to tb* 
eater sbelX. Zb* outer ebeXX ebouXd r*aala considerably oeol*r 
la this part of tb* missiXe bcoaus* of tb* wall dia*n*ioa* in 
tb* area of this ooabOotloa. GoB**q,u*ntXyt no oo^peasatexy 
fWqNhiuilon for radial •xpansloa b*tw*en lna*r and outer •bell' 

' 'vbfi prorldad *t tbls point. Nor was a speoial infulation fox 
ibb •zpXosly* proTidodt ' sino* a looal malting oould •aeily take 
piib* witbottt affecting ih« perforaanee and sine* tb* forward 
panel (S) prevldaB •uffiolent statie support. Psnger to tbe- 
obpleolr* would arlo* only at skin tonporaturos owor ?00 C . 


107* Zbb. atabillBatioa easing (4) was rslaforood against tb* outsr ■. 
prbsdur* by-,jims of. t^s two ribs (10). Zbo Potails B aad f 
sbowt'idbW sbiiibrmiii^bsk.... :Zh*** simple sbspos' wor* solootod 
pxiasrily botwtoa tb* outer skin aad tbs 

rtba>'n|id: botb'bdbba^jyim bdmpbrsturs diffsrsaess. Broa a static 
wtiiiji^t/}^iBt^*f :ti«%.'l!laa ribs *r* aot'Wsry sdysntagsous. 

lOd* Zb* rsar scaling fansl :was to b* aado of light aotal and was 

oW.bbiiB sbapsd. Its pt^B*** *M to transait the longitudiaal 
iftxooi arising out oZ tM sxplostwss to th* inner sboll. 

109^ Bage 37 shows 'WkM pemtwsl seetion of the I-IO missile as 

well as ^Siveral deaign idetails of interest* Inoluded in the 

•'v ' ' ' *1 V.' • ‘ ■ 


, 25X1 
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l»g«ad ar» th« dMignailons of somo of tbo boto Ib- 
oaiorialo. 


110* th*' .principal inatcrial uaod vae to be a wcldablo li^t aataX 
(SoTiat designation Al^5) vith a atraagth a^ual to app 3 M>xi- 
mtaljr 18 k^nn^ bnt with a raxy low alastio linit (approxi- 
■ataljr 8 ^bis low alastio liait stability was tba'da- ■ 

tsxBlnant in tba dimensioning of . the pa^s* The aatarial to be 
Bssd in the oast parts bad a Sonawbat sinilar' oomposltion as tbs 
priaary Batarial. 


1^* Sbs point |2) and view B sbow tba oonnaotion link for tba.'WarbaaA* 
Jit tbls point an initial tensile force of approxiaataly 
' kg would be introduced. Whan strained (doying transport' on tbs 
ground) tba load would be inoraasad to nora than 1|000 kg» 

9ko eonio forward sealing panel O) sas wall sifted for tb,a . 
rsesption of this longitudinal foroa. Tba .nininal gas prssouxo. . 
(p * jc 0.1 atii) could be absorbed easily also. Tba formrg 
mi^ 3, oibuld be UMordwad at 'tba - flange (4) as shown in.Bsl^'JL 9« 
‘flanges also served for the raoaption of oirounfaranttnl. ' 
fgii^es in the oonio container part (5)> idM^oh would arise as a 
i^sut of the defleotion of the foroes eoniag from the oonio 
pgasl* %e oast rib ( 16 ) as shown in Detail D bad a tbres^fold 
tdskfV^iob -was- to: 

a* Absorb the oirounfersntial foroes aoting on tbs slopbol 
pontainer (7). 

b* Transmit the forces from tbs warhead to the osntral 
•sp.tion of tbs alssils. 

e*. Absorb and oorrsotly guide into tbs osntral seotlon of 

the. missile the two looally aoting- bearing foroes rssuAtibg; . 
- during transports tlob on tbs obnw*yor«eafrlags, and .sgfotioA ^ 
of tbs missile on tbs launobing platform. 

Point. (8) abows tbs vent pips for 'tbs alpobol tank (7)» 


IXt* Sko rib (9) in both tanks ssrrod as a form rstainsr and a rs» ! 
iafpfesBsnt againpt indentations (leoal buoklixkg)* Beoauasdf' 

. Iklbrasl pressures pnd tsmpsraturs dlffsrsaoss» tbs skin pf tba 
liilb would expand radially at a different fate than a solid. 

9tb:> Bsoauss of this tbs outer flange of tbs rib was slotted 
ag iBtevvals of $0 mm as shown in 'view B* ^^bs design tbaa sailed 
‘ far tba flange to be apot raided near tba and of. tba plet'tad 
flange* The flange attaobad to tba akin in tbia nanaps . aauld , . 
'baadsto' oonforn to tba akin axpanalaa and thus prawant axeasadwa' . ■ 
•tra^a bat, faan tba akin and rib* Tbia daiign waa regarded, aalp'; 
'.ana aoBproiBipa'.'SPlntion* 


11}* Ska pdirtitlpn pdnal (10) aeparatad tba aleohol and oxygen twaka* 
Binaa the prasaura in tbs bx9rga.n tank would be greater (8*2 atn) 
than tbs pressure la tbs dloobbl tank (approxiaatsly 1 ata) 
and aiaos tbs oorrsot dssiffa of snob a panel bsous dlfftpult* 
narlda of small Ia 3 >eriasnts‘ with a alaiatura panel (5*1) 
farfarasd. During thasa axparlaants tba rupture praaauraa ware 
aataiaad for Variola ^alatieanbipa of panel radius to panel 
uall.t'Mokaaalb'*^ !'Xb^'ai.r'aiult''''Of^'tbaaa axpariaanta' a panel af ' 
ralgtlVaip larlie wall' ^yipkaaaa and a snail ourraturs tea sailed 
far* Tba- taWts also' 'ibowsd a strong statio stability braakdauai 

. ' , ■i . .. -f 
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with hreakdowu depending on the degree of prociaion uee in the 
wanufacture of the experimental pieces « 


1X4'« Tht^a fact was instrumental in causing the Soyiet staff to seek 
another design solution retroactively* la this design the par- 
tition was inversely arched, so that the panel would receive 
tensile stresses primarily* However, in this design, oompresaiwe 
forces could not h© prevented entirely, since the weight of the 
alcohol would be present during fueling prior to pressurizing 
the oxygen tank* In order to prevent excessive residues, using 
this design, it was necessary to shift the extraotion pips {l^) 
and the heat insulation pipe (13) completely to the side* It 
would then be necessary to run the pipes at an angle through the 
oxygen container (X2) and to the center of the rear panel* 

Qhis design had several disadvantages, namely: 

a* A certain amount of residues could not be presented even 
with lateral extraction of the alcohol* 

h* ^A pertain loss of container space could not be prevented.* 

’ o : lAlong the outer skin the distance between the oxygen and 

.alcohol would be decreased resulting in a large heat sxohangs 
between the two fuels* 

In. spite of these disadvantages, a series of sketches using 
thih solution were prepared for the Soviets. Tbls design . 
li not shown here* 


11$« The venting pipe for the oxygen tank is shown as (ll^ on page 
37# The tank itself is shown as (12)* Point D (13) shows 
tbs reinforced (corrugated) heat insulation pipe* Because of tbs 
beat interchange it was not possible to separate the pxyg8.nji^d 
alcohol tanks by means of a light metal wall* |7ot only wonld ; / 

great qL^ 2 ]itities of heat be interohangsd, but also the alcohol 
would freeze in the in,}eotlon pipe (l?) during the period the 
fully tanked and ereoted missile rested bn the lauhohing plat** 
form* In order to maintain a speoialXy good heat, ihsulatlpn .. 
between the heat iiasulation pipe (X3) and the alcohol extraction . 
pipe (7)f the circular space Wae to be filled with. crumpled 
alttm'inum foil* »^hould the missile remain standing for long 
MriodSra marked oooling of the alcohol in the extraotion pipe. 

(^7) would oause a oiroulation flow* As a result of the difference , 
in tbs epeoifio weights of the fuel, oiroulation would boour 
between the extraotion pipe (17) and also between the pipe 
lines and the motor casing in the tail section* 

fk^e corrugations in' the. heat insulation pipe (l3) were found 
ndpessary for two reaepnst ^ 

a« subjeot to external preesures* 9uob 

m pipe Would have to be Very thiok were it not for the rlb» 
like reinforoements* The oorrugatione inor eased oonsiderar 
bXy the moment of inertia and permitted the use of a SBUiller - 
wall dimenslbhV The intervals between the oorrugation were 
obtained through a tability oaloulatlone* 

b* . The outer skih of 'Vhe.oagrge.n container would, particularly 
. djxVlaff temperature than tbS 

i promoting pipe* Consequently, changes in longitudinal 
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.dimeasi one eould not be avoided and the partition panel 
"(iP) the rear panel (18) would suffer deformations# 

Ih order to equalize these longitudinal dimension changeSf 
the corrugations were found necessary* 

1X7* 3? also shows one of the four, cphneotion ohannels 

(14) ^OT the distribution of the locally introduced forces oob- 

In^ from the tail and motor and aoting on the shell of the central 

section of the missile. All forces had to be introduced into 

the outer skin at the rear end. of this sloped channel# The • 

foipward end of the qhannel and an intermediate point .in the 

channel were supported by ribs* The forces ; coming from the 

motor eonnaotion fitting would be transmitted along the fit** 

ting ( 19 ) to the channel (14)* When in tension^ .the forces 

would pass through the screwed oonneot ion point (21) • When - 

in compression, the motor fittings would rest against the end 

ring ( 15 )* 

II8« !^e sealing gasket (20) was plaoed between the end ring (ifO . . 
ani;the fitting ( 19 )* The design shown in views E-S* is not 
ttme* T ~ the exact details With,- * 25X1 

6ut excessive loss of time, the design shown in views E-F is 
submitted only to show the general arrangement. Located tl&e 
|rca:r panel (I 6 ) was a manhole cover plate which is not shown in 
this 'drawing, 

TtiU Tail Controls • ; . 

XI 9 # On pages 39 hi are views of the tall section and tail' 

controls, Several detailed exploded views and cross sections art 
presented in these pages* ^efer to appropriate legends 

for identifioation of points^ Care should be taken to difttlng^Sh . 
between points in parenthesis and positions or stations in oi^oXss*' 

X20« The outer tail cone (3) was to consist of four quarter shells 

whloh were to be oonneoted to the four fine (2) by means of the 
brioket (16), The tail cone was to oonalft essentially of 10 
ribs whiob supported the stringerlees Dural oovero .The 
)!^al cover was to be 1 mm thiok# I'he stresses arising out 
ct ;traneverse force and torsion were to be absorbed )>y the shell ‘ 
skin while the bending moments and the longitudinal foroee were 
to be transmitted via the Innsr spar (9) and the connection 
•Joint : (6), at .) Detail A, 1 to the thrust frame and from there 
»,to ths central section of the missile, 

.121# The four Jet oontrcl vanes (5) and their motors were housed in a 
box»Ilkt steiel framework (12), Slheee ^rders were to transmit 
all fproes to. the fin ribs at stations and as wsll as to 
the:^h* . ' 

122* Ths fins were to. be oomposed of ribs at stations (J) and the 
longitudinal member 10, and the latter's extension, the^ading 
edge member (7) 

139'^ The 1 mm Durel tkih^tras stiffened additionally by non-oontinucus 
•trih^rs* • The two horisontal fins incorporated the rudders 
. (ivlirlbioh wre to be driven by trimming motors (13) « During 
laimohihg ths fins 'were required to transmit the great long!** 
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tudinal forc«e origiimting at point (14) while the fully tanked 
fliiasfle rested on. the launching platfona* 

124* Xhe f^l connection joint (6), at - hetail A, was designed to 
Ixsatawlt the total forces developed in th^ tail through the 
two holts (18) to the fitting of the thrust frame, fhe longi- 
tudinal forces, as well as the longitudinal forces resulting 
from the bending moments, were to he transmitted through the 
leading edge members (7) and the inner spar (9)* trans- 

Yeme forces and the torsional moments on the other hand were. 

' to he transmitted to the fork (17) o^nectlon fitting 

(6) via the rib at station©- At stations (P and the oonneotloh 
fitting (6) was to serve also as tail spar. 

125 i The rib at(^ at Details G &H j was designed to perform three 
essential tasks; 

a. it had to collect the dispersed thrust forces acting on the 
.outer skin and to transmit them to the fork (17) of the 
"oonhection fftting (6). 

hi At the same time it had to be sufficiently elastic so that 
it could, without too much force and without too great 
additional tension, join in the deformations which would 
he caused by the tightening of the connection of the central 
Mctioii of the missile. This tightening would oocur at the 
moment that the liquid oxygen (-185 C) ^eoted. Ihen 
the missile became fully tanked, the rib would lose 

its circular shape slightly. In order to achieve the 
required elasticity of the rib, it was necessary to divide 
the rib into four segments. The four segments were flexibly* 
oonneoted at the fork (17)» 

e« As an end rib, it had to possess a suitable form so as 
to support the outer skin at the extremity . 


126* The rib at^pwas ^igned as a U-ohannel closed by the outer 

shin* rib at (2) was dtaigned so as to absorb component - ; 

forces coming from the leading edge member The design height 
of the rib was limited by the thrust frame and other interior 
units. Consequently, a double G or I section was necessary 
.. Details G A . 

XZ^^ The * sectional views A-B and C-D eho4r'the method of ooaneotiug - 
the steel quarter rib segments and fin ribs by means of the 
byackit '(ll). The transMssion of the bending moments ffom - 
the fin Wbb be accomplished by means of the 

’ bracket (11)* V tras not Interrupted by "giis 

' arrangement, i^aept for a iibt in the middle view A ^ 0 % 


128. The deslgn of meiid>er and longitudinal member, 

as well as the connection between the two parts, is shown in 
Detail The. rej^nfng vie ws a suffioiently clear to shew 
■ til. ’ disiett of '^hoa.' m.mbara | | 



129 * 


Oa paae k2 * aoKwiatio of th» propalaiw uali 

th. 'fo*l ▼‘•aijing Aa .xaot dTa.ln« »*• .ttoaptodl 
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r«gttlat« the pressure in the B-container (2) at loO ^ 0*1 atm. 


A brief starting procedure of the propulsion unit is pre- 

sented as fol3.owss 

a. The turbine would be brought to the reqtuired speed (Quickly by 
means of compressed air from an external source* The 
A-fuel main out-foff Talve would be opened and.hyoiffeanf ■ 
of, a primer camp os it ion the B-fUel would gain entd?y in the 
chamber* Simultaneously, an ignition ‘between the A an^^ 
fuel would be effected* The quickly inos f easing iaoior pressw^ 
would permit the turbine ( 5 ) to ftmotipi on the motor •$ 
exhaust gas* The rising missile would free itself from all 
launching instruments and servicing, lines through break 
. couplings* 

b* Rocket motor shut-off was to be aoco mplifihed by meanaof a 
quick action remote control system* J H 

I ^the out-off valve ( 12 ) was to be jamuied by means of a 
quick-acting explosive powder charge* 

136 * On pag© Ml is a sketch of the thrust frame. The attached 

-"legend for contains inforas^tion regarding' material 

^ epeotficntions* The thrust frame had the task of transmitting 
the forces from the motor ( 3 ) and the forces from the tail ehell 
and the fin connection ( 10 ) into the central section ( 2 ) • It 
also had to , support the turbine pump mechanism ,( 4) i ^ hi ch ia 
turn braced tha cross piece ( 6 )* The thrust frame ooneisted of 
. four longitudinal members ( 7 )* the cross piece ( 6 )^ and the diagonal 
pieces (8)*f A bracing between the motor (3) the cross piece 
(6) was not poBslbl© for lack of space* In order tp prevent an 
.excessive bending strain on the thrust frame becaui^e of transverse 
forosS, the motor flange was attached to the fib fimd of the tail 
•l\ell* The tail shell would be better, suited for the transmission 
. -.of the traneverse loads* This -would be more acejrrrfee 5 ; since during 
^ flight the rocket motor forces ge;h.eraiiy act . in an opposite 

direction to the tail air load* Sotr much was quest iphable and #0 
this condition . introduced another luitooivfh factoro 

‘157* The struatufsJ- design of the attachment ( 9 ) is shown in petail A* 

‘ ^ the .filling of the A“Oontalner the attaolmient points (9) 

would obnt fact to excessive cooling* . This effsoi 
, ‘ohuse. additional foroes and moments to bear on the. . 

, frami* Bsowse of this an austenitic eteel was sdlsb ted for this 
. ■/ ' At ,tsfy low temperatures, this steel should not 'bedow® 
’.brittle and should' maintain a high notch, impact etrength* 


i38« !Ws development of the E-lO (which had many other , interim deiig- 
' aatibiis, such as G-1,; a-rlO,, etc.) ^aa oarried out during a, period 
rjainglng; from the suEm^ of “ 194 <S until' the . aping of 1956 # ^Bur- 
. lug this time many diverse development facets were oohsldA'red 
and h'umerous drafts were made of individual items* In this 
rsport , the :'fiW^ stage of the R-10 was disousaed* A ohro.uo- 
. logical descrlpti'on^^ a stage by stage review of - tlkt 

dsTtlOpaieht Wbrk,v that were encountered in Saaiv- 
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Binoe the propulsion unit was not materially changed over 25X1 

That of the A-4<, The method of pumping the. fuels, the venting, 
and the starting procedures were changed and the presented 
Bohematic should he stifficient to clarify these points. 

150* The gas to be extracted from the combustion chamber at point (8) 
would have a pressure and temperature approximately the same 
as that within the chamber, namely 22 atm. and 5»000 C. In 
order to reduce the temperature of the gas to approximately 
500 ®C so as not to endanger the turbine, the gas was to be 
cooled by means of a stream of alcohol flowing around the ex- 
traction pipe and by injecting a small amount of alcohol into e 
gases. The coolijig alcohol flowing between the motor walls 
would have a slightly higher pressure than the motor gases, 
therefore, the injection through, suitable bore holes should 
not cause great difficulties, -binding a suitable location 
and the designing of parts concerned was very problematic. 

When the design work on the H-lO had been completed, a long 
series of experiments were carried out to test systematically 

the gas extraction n rinoinA l . T he s m all test stands on the 

Island were ixsed ^ ^ I r^a^eulta of 25X1 

the tests were regarded as satisfactory. 

131* The gas cooled in the above fashion would then flow through 

line (9) to the turbine (5)* H;ere part of its energy ^rould be 
transferred into mechanical energy. The waste gas flowing 
through pipe (10) and ©scaping into atmosphere would bo utilized 
in the form of thrxiat by means of the nozzle at the end of the 

X..,; line. 

132* On the same axis as the turbine y.ere the two turbine pximps. 

The B-fuel pump ia shown as (6) a|id the A-fuel pump as (7) 
the sketch* These turbine pumps would raise the A and B fuel 
to a pressure of approximately 25 atm* 

133* The fuel was to flow from the A?-c‘ontainef (5) through tho llao . 

(11), the xmlon ( 29 ) and cut-off valve (12) into the tux'^ 
bine pump (?)* From theri it was to flow through the pressure 
lines ( 13 ) ihto the injectors looated along the head of the 
motor (14). A ’small quantity of A-fuel would flow from the prs'S- 
‘ sure lines (IJ) through the line (15) Into the heat exo^nger 
(1,6). Separation (i.e. heat extracted from the alcohol) would 
take place an^the flow would continue through the venting 
line ( 17 ) f the pressure-relief valve (17 ) 1 and the bellowe 
union (24) and finally into the A-fuel container (3)* J^ne 
preesure-relief valve (IS) waai to regulate the pressure in the . 

A- fuel container, at 2.1 i 0*1 atm* 

134* The B-fuel was to flow from the B-container (2) through^; the 

extraction pipe (19) and the spring bellows (24) » into the ^ 
fuel turbine pump (6). From there, it was to flow through the; ' , 
heat exchanger (16), the pressure 

line) (20) over the distributor ring (21) between the double 
motor jacket, through the motor (4)^ and finally injected through 
the motor head into the motor. The S-fuel flow is obvious. 

The gas used for the venting of the B-oontainer (2) was, _ to be 
taken from the gas feeding line (9). The ‘ 

greatly reduoed by the pressure-relief valve (22) whieh wsaw t© 
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25X1 


159- 


UO. 


Btag. and the modifications that were made from day to day, 
wSl have . too :timc conswing and eaa not attempted. 

fn-r- the lonK period of development, and the many 
different divelopmegt drafts can he explained hy the following 

facts* 

a* She personnel aSaigned to tii# development •'f" . 

saatialXs?* and had to /aoq.uaint themsslYcS tR-th 

tha fiwldv ■ 






o« 


JThe work and TCpcrts of the 

the eonrse of the development period ; 

insightB which in turn led to changes and new comparative 

draftso 

The forolM® racruitiaent contxihuted a great deal to 3ra.^ , 

tarding 

4 . A vet^ rigi’!Jl and formal development • 

eerioLl^' d#velopment work. . 

req.hirdd’:to Wdhmit a pre-draft draft pj_». 

a i3kM<3h"#'d';5ehtfand'a wprk pr03ect acc^^ 

feie ^tho-d resulted in A great deal of 1®®^ 1^80^ 

of the many reports and sketches. .submitted, which to 8®“t. 

-. SteS w^Bl^lax in content, yet were seldom thorough ih,' 

' time element o 

After 1950 , some work continued which was of general impottanes.; 
to the missile. This dealt primarily with 

experimental *ork in the field of controls, radio ^ 

gas extraction for the prnmi la i on of the turbine. — All these,. — 
which cont3.mi@d L 


I were not an integral part of the E-IQ, but '■ 

nevertnexess U associated or useful to the t-10. ’; •• 

The E-10 design as finally submitted f ^ ' : 
difficulties. Many channels were .exployed, the : - ' 

experimental, facilities did, not permit 

missile. 'I'ho structural testing of ; ; ; 

had to be disponse'd’ with and the ® many ' ■ 

■ «A+ L itifttifiod. '2’rom the point of ponstruotion alone ,.^pai^ 

difflouitles should be encountered in welding of the v 

and particularly in welding the rear panel and and , 


25X1 

25X1 


142. 


the overall , design of the ®^®®^^® 

too complloated a»d, tim^ Exploitation ■ of. •' : , ' 

thrust end weijg^t^ daneer air belt would be' too great, '. 

^ Which in t«m., 

lEs’S.'issssr , 
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great influence on the structural design* The inflexible de- 
velopment and planning scheme in the USSR was one of the main 
reasons, for not making changes in the contours of the missile* 
it was impossible to interrupt a planned and initiated project 
and to replace it with a new and unplanned project* 

145* ^31® question of prime importance? '*What wa s the ultimate dis- 

position of the R-10?*S cannot be anaweredj | 


I a few statements, .which might serve as a 
guide* They are as follows: 

a* The development of the R-10 continued over a period of fl^any. 
years with great tenacity* ^ 

b. During a scientific congress in Moscow . 

around Christmas of 1948) which a few German supervisors 
gave a report concerning the R-10, no basic objections were 
raised by the i^oviets* Shortly after, a financial .premitm , 
was received by those associated with the pro ject,/ii^hioh . 
was -assumed to signify approval of the project by the 
Sovi’et authorities* 

C# After this congress, the guiding principle was to carry.. outi .; 

'jas many, testa as were possible* After a few attempts, this V 
bogged down^ however, because oi th© lack o.€ prope^r facilities*' 

d* Inquiries by the boviete regarding design continued to be . . 
received until the beginning of 1951 ® 

e* The generally continuing development in controls, guid.ance|. 

and gas extractioxi indicated a great interest in these ma-tt^re* 
A rational application of these results to the R-IO by Soviet . 
engineers themselves was undoubtedly possible* Becausevof-;; 
this, the actual Soviet plans remained hidden from the 6#r»p;?iSo' 

f. During May 195.1, instructions were received to oonstruqt 
• oscillation tables* Among •theB© ^ la.rge 

i t^ble with dimensions to, ^Sftqh .exactly those , Of the A-»4 -andv ; 
'V :■ the R-10* ' ■ '■ ’• ' 

. ' J44 ^ ^ ; . I ^ ^ ^ 1 1 he. ■ ' 

■ W pf:-tfhe Soviet anginaers and their abilit y to oarfF~bn th e 
R^-lO^^pjeot* ‘ Those engineers., at the laland.^^^Z^^^ZZLZD - 
• ■y I were only sp-oallsd seqondr andv thi^d^rate engineers 

' ; were there jprim^rily f pr edittinistrative ap-d mqnltorlhg 

v.v-vt .:---p'hxp 0,0 Pp®' ^ hardly capable'’ of o^rrylng. oh a' deyolppiik^tS 

■/■•V 'the miSBile fie^l^d. ^ A few.' of the .youhg' of fiperey'at 

the-, Ins tit’at'.p were'' ''q^lte but wey®'' looking ih exp^rl'encq* 

■•■X 45 *''>-| ^ ['^'the.'.firetKrate engineers were not. present for ..two, ■■■ 

'reasons. -The' 'fir, at' reap, on was pnev of 'sequrity* ; If a .firS’tyr^.te' 

' engi'hee’r"we^e''pfeeeht" amP’h'g tho' „Ge'rinans > 'h.e .w.oul.d;; evontuaily,;.; . ; 

. rsVsal- x>noon$oipusly;-qth©r res earoh. and • development seoretf k: . -'^.f ■; 

.v. ' an 'example n; a,' , Soviet .engineer , [ _ _ ‘ 

itupeared at ythe IijQ,®tltute in the fall Of 19.5U when woric was 
’•* . .started on the ant lairoraft missis project-a The engineer* s; ^ 

. assignment was 'to^ at th.e thoughts of the Germans along certain 
■ paths.. Afte’r the Vhiginser had' 'b^en amon..g the Oermane for 

idoiithf it was obvious that he held a per»atnii}.t 
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positloa JLn nsearoh aiid;j 4 PV«lopm 2 it institute sn* 

|^sa"in"'wdrk soMW^t"'paxalIsI to the antialroraft project. 

BeSiifisil^^f (i&Ms IfSSk^ihe engineer was recalled and the Ceraans 
continued with nc^ ffs^strace. 

14(« I ^the Oeoond reason that firpt-^rate engineers were 25X1 

not present was tha^ .the Soyiets did not feel the actiwitieo nt 
Oorodonlya Island wananted the dlwersion of this type engineer 
fron the tarue Soriet research and ^•▼•lopnent programs. . 

147* Those engineers who were present at the Island were capable' of; ; 
oritieism of unimportant points v but were not capable of o^tin 
oising the overall projects. In additiouf they possessed no 
oreative talent. In exception to this was a Soviet civilian 
engineer named B0SHK0Z-SHUBIV3KI (phonetic Spelling) who was 
unofficially the chief engineer. 
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legend (Overall Tiev of the B-10 Ulsaile} 

(1) Iff Poilvfe 

(2) . WarbfaA.v 

(3) Central Septlon of tlie Hiaaile 

(4) Tail and Control Syatem 

(5) Forward Separation Point Between Warhead and Central Seatidn 

(6) Rear Separation Point Between Central Seotion and TaiV ^ : 

(7) B-Fuel Tank (Alcohol Tank) 

(8) A-Fuel Tank (Oxygen Tank) 

(9) Motor 

(10) Thruat Frame ' . . 

(11) Control Apparatus 

(12) Fin 

(13) Rudder . . ' 

( 14 ) .iJdt Control Vanea s 

(15) Antdhnhe for Radio Control 
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Legend 


(Wooden Warhead) 




(1) No Pointi 

(2) Steel Apex 

(3) Plywood Casing 

(4) Stabilizing Casing (made of plywood) 

(5) Foxirard Sealing Panel (Steel* JOXfCA; (T^ * approx. 60 kg/om ) 

(6) Bear Sealing Panel (Plywood) 

(7) Explosives 

(8) Connecting Pipe to the forward Chamber (Steel* iOXt CAr(y^ “ 
approx. 60 kg/am ) 

(9) Cable Pipe 

(10) Reinforcement Rib within the Stabilizing Casing made of 
Laminated Wood 

(11) Ring of Sheet Dural for Propping the Central Section of the v 
Missilo (^^ - approxi 56 kg/mm^) 

(12) Connection to the Central Section of Missile 6J[25& ; ^ 

^ Indicates Tensile Strength 
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jrg-mA 

< 1 ) 

(a) . 

(i) (8-Ca»») Qat*r Skill In th« Ar»a of tho Skplonl^ 

(Ont^ SkoU io of toi^owilnro otool) . 

(4) 8t4biU|»tlon Cnol^ (J» 1 ») ^ 

(ij) fwvmra Sonlin« Bwiiol (StoOXi 50XnJl»^ 60 wm ) 

( 4 ) / lowr Sonina- JPnnol Motnli ^ 18 Si^np ) 

(V) ilVlOOlT* '-tm ■ ■ 

■ e^aootioa Pipo Uad^ to tho lMr«nvd Panhl Cstooli KKfla* 

^ • npprM. 60 ka/na^) 

(9) Ctklo Pipo 

(10) UlnforooBont m la tho StahiUwtloa Oaoiac (8tooli|jJ.- 
appvek* 60 kg/aa*) 

<U) OoiMOtloa to tho Oimtoal Boettoa of KlwU*. 

(la) Xpaok- Caola* In tho Avoa of <ho Kiplool'iro* (Ul^t itotal*: SllOi 

" *9®*®** W***) 

(IJ) tloothd Wodga-fJrp* **»«• 

(14) ihUhd P»oppui« ?#<■ (of porjr hlihlp allogrod alokol iStoD* 

^ ladioitoo SoBOilo Stvoafth 
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Legend (Missile Central Section) 

(1) Ho Point 

(2) Warhead Connection (under pre- tension) 

^3) Forward Sealing Panel (Aiar3j(J^ - approx. 18 kg/nm^) 

( 4 ) Forward Sealing Panel Flange (Cast Light Metal * approx. 16 

(5) Coxiio Container Section (AMr3j(Jj - approx. ^1.8 kg/mm^) 

(6) Forward Rib (serves to prop the warhead and the miswilo 
transportdtihn ^ approx. 16 kg/mnr), 

CT) B-^^Fnel Container (Alcohol) (amP5j^^ • Approx. 18 kg/aw*) 

(8) B-C6ntaiher Cas Feeding Pipe 

(9) Shape Retaining Rib (AMr5i^ - approx. 18 kg/nm^) 

(10) Partition " approx. 10 kg/nun^) . 

(11) A-Contaiher Cas I'eeding Pipe 

(12) A-Fuel Container (O^) (AMTJi^- approx. 18 kg/iB»^) 

( 13 ) Reinforced (corrugated) Insulated Pipe 

( 14 ) Connection Channel (central section - tail); (Alir5|(J5 /- 

18 kg/mia^) (Dural 0 ^* approx. 38 kg/znia^) 

(15) Cast Light Metals - approx. 16 kg/mm^ 

( 16 ) A^Fuel Extraction Hoszle 

( 17 ) B^Fuel Extraction Pipe (AMHi (5^ ■ approx. 10 kg/aua^) 

(1 8 ) Rear Panbl f AMrjf approx. 18 kg/mm^) 

( 19 ) -Oohnection Fitting (3>uraljjyj - approx. 42 kg/oua^) 

( 20 ) Sealing Gasket 

( 21 ) Threaded Hole 

6^ Indicates Tensile Strength 
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Legenid 




( 1 ) 

( 2 ) 

(5) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 
( 11 ) 
( 12 ) 

(13) 

(14) 

(15) 

( 16 ) . 

( 17 ) ^ 

(18) 
(19) 


2 

approx • 38 kg/mm ) 
58 


Ho Poiat 
$ail Section 
Pins (Skins Dural 

Tail Cone Shell (Skins Dural ^ - 58 kg/m^) 

Budder (only 2 rudders for horizontal controls are prOTided) 

Jot Panes (4 vanes) ^ 

Tail Connection Pitting (Steels 3OirCA}0^i- approx. 60 ig/aa ) 
Leading Edge Member ( Dural » approx. 58 kg/mm ) ^ 

Stringer (for the skin) Dural ^ - approx. 38 kg/wm ) 

Inner Spar (Dural g-J - approx. 38 kg/mm ) 2 

Pin Longitudinal Member (Dural ^ - approx. 38 kg/sim ) , 

Bracket (steel) ( Dural ^ - approx. 38 kg/mm ) 

‘ Frame 
60 

Rudder Drive Motor 

Resting Point (semi-sphere shaped) 

Trailing Edge Antenna Housing 

Rih and Spar Bracket 

Joining ^’ork for Rib Quarter Sections 

Tail Connection Bolts (Tail to Thrust Frame) (Not indicated) 

- (^) Stations Locating Fin and Tail Cehe Ribs ( Diirel 

approx. 38 


ime Work for Jet Vanes and Mechanism (Steel* 30XrCAj ^ • appjtbktt 
kg/mm^) 


(5b 

Indicates Tensile Strength 
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Legend (Schematic Drawing of the Propnlsion Unit and Ventings System) 

(1) Ho Boint 

(2) B-Fuel Container (-Alcohol) 

(5) A-Fuel Container (Oxygen) 

(4) Motor 

(5) Turbine 

(6) B-Fuel pump 

(7) A-Fuel Pump 

(8) (xa8*‘ Extraction Fitting 

(9) Oas-Line to the Turbine 

(10) Gras. Line from the Turbine 

(11) A-Fu^l' Line from the A-Gontainer 

(12) A-Fuel Main Cut-Off Valve 

( 13 ) A-Fuel Pressure Line 

( 14 ) A-^FUel Injectors 

^ 15 ) A-Fuel Line for Venting of the A-Container 

( 16 ) Heat Exchanger^ f or Vaporisation of the A-Fuel ^ 

( 17 ) A-Fuel Vent Line 

(18) Cut-Off and Pressure Belief Valve for A-Venting (p * 2*1 + 0.1 atni) 

(19) B-Fuel Line 

(20) B-Fuel Pressure Line 

(21) Distributor ^ing for the B-Fuel 

(22) Cut-Off and Pressure Relief Valve for B-Venting (p » 1 ± 0.1 atm) 
iii) B-Vent Line 

Metallic Bellow Unions to Compensate for Expansion and Vibration 
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Legend 

(1) Thrust Framed 

(2) Missile Central Section 

(5) Roolcet Motor 

(4) TurTsine Pump Installation 

(5) Attachment Points for (4) 

(6) Cross Piece (Braced through (4) (Steel: $0 kg/fflp 

(7) Longitudinal Members (Steel: 30XrCAi = apprOX» 60 kg/mm ) 

(8) Diagonals (Steel: JOXrCAj^ - approx. 60 kg/mm ) 

(9) Attachments between the Thrust Frame and the Central Section 

(10) Bolt Boles for Attachment of the Tail Shell 

(11) Hole for the Connection Screw (^hrust Frame and Central Section) 

(12) Bracket ^Austenitic Steel P 1 Tr(fi “ approx. 60 kg/mm J (5^approx 

25 kg/mm^) . . 


Indicates Tensile Strength 


Indicates 


Elastic Limit 
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